Background: Recently, several new endoscopic treatments have been used to treat patients with Barrett's esophagus with high grade dysplasia. This systematic review aimed to determine the safety and effectiveness of these treatments compared with esophagectomy.
Background
Barrett's esophagus (BE) is a benign condition where abnormal cells (intestinal metaplasia), replace the normal lining of the esophagus. It is typically caused by long-term gastroesophageal reflux disease. Between 2% to 6% of Canadians may have Barrett's esophagus [1] . Similar prevalence rates have been reported in studies from Sweden (1.6%) and the United States (5.9%) [2, 3] .
Although Barrett's esophagus itself is not harmful, in some individuals, precancerous dysplasia develops in the Barrett's tissue. The presence of dysplasia carries a higher risk of developing esophageal adenocarcinomaa type of esophageal cancer. In addition to the cancer risk, Barrett's esophagus decreases patients' quality of life and increases health care costs [4] [5] [6] [7] .
The rising incidence of esophageal adenocarcinoma has focused attention on preventing cancer by removing the dysplasia and allowing normal, squamous esophageal mucosa to regenerate. Endoscopic techniques have been developed as a result. They can be applied sequentially to increase diagnostic yield and improve treatment outcomes. There are two categories: endoscopic mucosal resection (EMR) and endoscopic ablation. EMR with a cautery snare excision technique can remove visible raised or flat lesions for diagnostic and therapeutic roles. Diagnostically, it allows for complete histopathological assessment of the target mucosa. Those with superficial lesions can go on to further ablative techniques. Lesions that are found to invade submucosa may need referral for surgical resection. Therapeutically, EMR can be used for curative intent if the target lesion is small. However, in most cases of Barrett's esophagus, it is used to remove dysplastic nodules leaving the larger surface area for endoscopic ablation.
Photodynamic therapy (PDT) is one of the new endoscopic treatments used to remove dysplasia. Other endoscopic treatments include: argon plasma coagulation (APC), cryoablation, laser ablation, multipolar electrocoagulation (MPEC), radiofrequency ablation (RFA), and thermocoagulation. Depending on the extent of dysplasia, several endoscopic treatment sessions or a combination of treatments may be used.
Patients also receive long-term drug therapy to control gastroesophageal reflux and prevent further damage to the esophagus [8] . Endoscopic therapies are less invasive alternatives to esophagectomy (surgical removal of the esophagus), which is associated with high rates of morbidity and mortality, and with decreased quality of life [9] [10] [11] .
Clinicians now have a variety of technologies to choose from when treating Barrett's esophagus with dysplasia. This systematic review of published clinical studies compares the evidence on the safety and effectiveness of the endoscopic treatments and of esophagectomy and may provide some guidance for clinical practice. 
Methods

Data collection
Study selection
Results from the literature searches were imported into a Reference Manager® database to remove duplicates and manage bibliographic citations. Titles and abstracts (where available), were independently screened by two researchers. The full papers of potentially relevant studies were retrieved and assessed against pre-defined inclusion criteria (Table 1) . Non-English language studies were excluded, unless an English language abstract provided sufficient detail on patients and outcomes.
Critical appraisal and synthesis
Information from the studies was extracted by two reviewers using a pre-tested data abstraction form and a set of decision rules. The form contained elements for examining the purpose and methods of each study ( Table 2 ). Missing data were sought from study authors. Consensus between reviewers on the information collected was assessed using the Kappa statistic.
The quality of each study was also assessed by two reviewers using the Oxford Centre for Evidence-based Medicine Levels of Evidence [12] . Discrepancies were resolved through consensus and Kappa scores were calculated.
Data analysis Qualitative
Information was summarized in tabular form to more easily identify trends or patterns in findings reported across studies.
Quantitative
Results from individual studies were pooled using weighted mean values to generate summary estimates for each of the outcomes of interest. All quantitative analyses were conducted in accordance with intentionto-treat principles (i.e., patients were analyzed in the groups to which they were originally allocated, regardless of whether or not they received the assigned treatment).
Results
Description of studies
Over 400 potentially relevant papers were selected from the literature search results and reviewed for inclusion ( Figure 1 ). Of these, 99 papers, reporting on 101 separate studies and 3042 patients, met the inclusion criteria. Descriptions of each study are presented in Additional files 1, 2, 3, 4, 5, 6, 7, and 8. A breakdown of studies by the type of intervention and study design is presented in Table 3 .
Quality of studies
The quality of the evidence reviewed was generally low. Only 12 studies were comparative (Table 3) , and of these, 5 were cohort studies with uncontrolled allocation of patients to each treatment group. Details of the study methods used were sparse, with missing information or inconsistent reporting of outcomes across patient groups.
Seven randomized controlled trials (RCTs) were identified, but these compared only APC with PDT (4 trials [13] [14] [15] [16] ), or APC with MPEC (2 trials [17, 18] ), or RFA with sham procedure (1 trial [19] ). Sample sizes were small and follow-up times were short. Because the types of patients and the treatment protocols (e.g., number of treatment sessions) varied a meta-analysis was not used.
In the non-comparative studies of endoscopic techniques (single arm clinical trials or case series), the treatment protocols (e.g., number of treatment sessions), outcomes measured, and follow-up times also differed. There were few studies that reported long-term follow up results, and so pooling of study outcome and adverse event results is limited. As well, the number of treatment sessions provided before outcomes were measured was not often reported, although in many cases, it was after a single ablation. Patients often received interventions in addition to the study treatment. For example, in most studies EMR was performed during endoscopy to confirm the diagnosis of dysplasia. In addition, if one treatment failed to eradicate the dysplasia another treatment would typically be administered. The analyses of outcomes did not usually account for the effects of these additional interventions.
Safety
Adverse events reported for individual studies of esophagectomy and endoscopic alternatives are summarized in Table 4 and Additional file 9. The pooled estimates for esophagectomy and endoscopic treatments are shown in Tables 5 and 6 . There were 2 deaths [20, 21] attributed to esophagectomy among the 170 patients who underwent the procedure (a mortality rate of 1.2%).
(The surgical studies employed various approaches; in some studies, the actual approach was not specified, and in the others, a number of approaches were used (i.e., the patients did not all have the same surgical approach). Therefore, data could not be analysed according to individual surgical approaches). In contrast, 1 death [13] was reported in the 2831 patients who received endoscopic treatment (0.04%). This death was due to cardiac arrhythmia in a patient who received PDT with aminolevulinic acid (ALA) at a dose of 60 mg/kg of body weight [13] . In the studies that reported bleeding complications following endoscopic treatments, 4 of 2218 patients (0.2%) experienced bleeding requiring transfusions: 1 after PDT [22] , 2 after APC [23] and 1 after laser ablation [24] . Strictures were most frequently reported with porfimer sodium PDT (18.5%), followed by laser ablation (4.4%) and APC (2.9%) ( Table 6 ). Although there were no perforations reported in the PDT studies that used a single photosensitizer (reported in Table 6 ), there was a perforation reported in the Prasad et al study [21] , which compared esophagectomy with PDT using two different photosensitizers. Since it was impossible to separate the patients according to the photosensitizer type, this study was not included in Table 6 . Patients experiencing dysphagia and odynophagia varied across the treatment modalities, but were highest with MPEC (Table 6 ). Photosensitivity following PDT was more common with porfimer sodium (26.4%) than with ALA (ranging from 0% to 13.6%). However, in a small series of 5 patients who received hematoporphyrin derivative (HpD), 40% experienced photosensitivity reactions ( Table 6 ).
The most commonly reported adverse events associated with esophagectomy were anastomotic leaks (9.4%), strictures (5.3%), wound infections (4.1%) and pulmonary complications (4.1%) ( Table 5) . None of the studies discussed the relationship between adverse events and clinician experience.
Efficacy or effectiveness
Values reported for the complete eradication of BE or high grade dysplasia (HGD) with endoscopic treatments are presented in Additional files 10 and 11. Pooled values for complete eradication of BE and HGD with endoscopic treatments are presented in Table 7 . For the purposes of this analysis, only the complete eradication rates reported in the individual studies within the first 3 months after ablation were included. Few studies provided enough data on longer follow up periods to make pooling of the data meaningful. The studies did not all report the number of ablations that were provided before the outcome was measured, and in many cases, the authors reported a range of number of treatments.
Results of 2 of the 3 RCTs of PDT (with ALA) versus APC in patients with BE demonstrated a significant difference in complete eradication, favouring APC over PDT [13, 14] . Specifically, the complete eradication rates in the APC group were almost double that of the PDT group (Additional file 10). In the third RCT, complete eradication rates were not reported for both groups of patients [16] .
Two RCTs reported on complete eradication of HGD [15, 19] . In the RCT which compared PDT using porfimer sodium to APC, there was no statistically significant difference in complete eradication rate between treatment groups at 4 months follow-up [15] . In the RCT which compared RFA with sham procedure, there was a statistically significant difference in complete eradication Notes: (1) APC (argon plasma coagulation), EMR (endoscopic mucosal resection), MPEC (multipolar electrocoagulation), PDT (photodynamic therapy), RFA (radiofrequency ablation) (2) *9 comparative studies are reported in both intervention groups (e.g., APC and PDT), thus the number of separate comparative trials is less than the sum of entries in the column. 
Discussion
Endoscopic therapies appear to be viable and effective treatment options for Barrett's esophagus with high grade dysplasia. All of the endoscopic therapies are safer (i.e., have fewer adverse events and lower mortality rates) than esophagectomy. Some key questions regarding these treatments cannot yet be answered and further studies are needed to address these "gaps in the evidence". In particular, we need studies:
• to confirm the long-term safety of these endoscopic treatments, and their effectiveness in preventing esophageal cancer • to identify the endoscopic treatments (or combinations of treatments) that produce the best outcomes • to determine whether or not continued drug therapy (e.g., with proton pump inhibitors) or surgery (e.g., fundoplication) to treat gastroesophageal reflux is beneficial after endoscopic treatment of dysplasia • to provide guidance on the optimal frequency of post-treatment endoscopic surveillance for patients with Barrett's esophagus • to measure patient preferences for, and quality of life after, the different endoscopic treatments.
Conclusions
Given the current limitations in the evidence (in terms of both quantity and quality of studies), it was not possible to conclusively determine the comparative effectiveness of the different endoscopic treatments. However, the evidence suggests that endoscopic treatments are safe and reasonably effective alternatives to esophagectomy for patients with Barrett's esophagus with high grade dysplasia. Endoscopic treatments have the additional advantages of being outpatient procedures with shorter recovery times. They also provide treatment options for patients who would not be considered for esophagectomy due to other health conditions.
Of the endoscopic therapies, photosensitivity is only an issue with photodynamic therapy (more so with porfimer sodium than with other photosensitizing agents). Preventing adverse events due to photosensitivity requires patient and caregiver compliance and education.
There appears to be little difference between the endoscopic technologies in terms of overall efficacy. Patient and physician preferences, and the local availability of the different technologies will likely guide decision making. A combination of different endoscopic treatments may provide the best outcomes. Given that relatively few patients need these treatments each year, offering them at specialized centres will concentrate clinical expertise and be the most cost-effective approach.
Additional material
Additional file 1: Studies of photodynamic therapy (PDT) for Barrett's esophagus with/without dysplasia. Details of study and patient characteristics, outcomes and study quality of the included studies of PDT for BE with/without dysplasia are presented in Additional file 1.
Additional file 2: Studies of argon plasma coagulation (APC) for Barrett's esophagus with/without dysplasia. Details of study and patient characteristics, outcomes and study quality of the included studies of APC for BE with/without dysplasia are presented in Additional file 2.
Additional file 3: Studies of cryoablation, combined endoscopic mucosal resection (EMR) and photodynamic therapy (PDT), and thermocoagulation for Barrett's esophagus with/without dysplasia. Details of study and patient characteristics, outcomes and study quality of the included studies of cryoablation, combined EMR and PDT, and thermocoagulation for BE with/without dysplasia are presented in Additional file 3.
Additional file 4: Studies of endoscopic mucosal resection (EMR) for
Barrett's esophagus with/without dysplasia. Details of study and patient characteristics, outcomes and study quality of the included studies of EMR for BE with/without dysplasia are presented in Additional file 4.
Additional file 5: Studies of laser ablation for Barrett's esophagus with/without dysplasia. Details of study and patient characteristics, outcomes and study quality of the included studies of laser ablation for BE with/without dysplasia are presented in Additional file 5.
Additional file 6: Studies of multipolar electrocoaguation (MPEC) for Barrett's esophagus with/without dysplasia. Details of study and patient characteristics, outcomes and study quality of the included studies of MPEC for BE with/without dysplasia are presented in Additional file 6. Notes: (1) ALA (aminolevulinic acid), APC (argon plasma coagulation), EMR (endoscopic mucosal resection), HpD (hematoporphyrin derivative), MPEC (multipolar electrocoagulation), mTHPC (meta-tetrahydroxyphenylchlorin), PDT (photodynamic therapy), RFA (radiofrequency ablation) (2) **-(pooled total not available), † Ranges of the complete eradication rates post-endoscopic treatments for the included studies
